The effectiveness of point-of-use water treatment may be limited by declining use over time, particularly when water treatment is introduced via targeted intervention programmes. In order to evaluate the long-term uptake and use of locally produced ceramic water filters in rural Cambodia, we visited households that had received filters as part of NGO-subsidized distribution programmes over a 4 year period from 2002 to 2006. Of the more than 2,000 filters distributed, we visited 506 randomly selected households in 13 villages spanning three provinces to assess filter time in use and to collect data on factors potentially correlated with long-term use. Results indicate that filter use declined at the rate of approximately 2% per month after implementation, largely owing to breakages, and that, controlling for time since implementation, continued filter use over time was most closely positively associated with: related water, sanitation and hygiene practices in the home; cash investment in the technology by the household; and use of surface water as a primary drinking water source.
INTRODUCTION
Point-of-use or household-based water treatment is increasingly promoted as a promising strategy to increase global access to safe drinking water (Sobsey 2002) . While pointof-use water treatment interventions are becoming more widespread and supported by a growing number of studies, there is a general lack of information on intervention sustainability after initial implementation efforts. If pointof-use water treatment is to be taken seriously as a viable option for the long-term provision of safe drinking water, interventions must continue to be used successfully over Each NGO distributed approximately 1,000 filters in these intervention efforts; the amount of education and training given to users, the price charged to households, and other details of the interventions differed between the NGOs and varied over time as approaches were refined and locally adapted. In order to assess factors related to uptake and long-term use of the technology, we measured the continued use of the filters over time as the proportion of filters still in use since introduction. Survey data intended to elucidate factors influencing implementation success and the challenges facing the long-term sustainability of this intervention in Cambodia were also collected.
Complete lists of households who received filters as part of the original interventions were compiled from information provided by the implementing NGOs. GPS coordinates or other locating details were available for some of the households. A master list of all households in the three project areas was compiled, and households were selected at random using a random numbers table. Two hundred (200) households originally receiving filters were randomly selected for follow up visits in each of the three provinces for a total of 600 households in 13 rural villages.
Of these, 506 could be located and consented to participate in the survey.
Household visits took place during the months of February and March 2006. After obtaining informed consent from the head of household (and adult female, if a different person), the data collection team first determined whether the filter was in current use. Criteria for 'current use' were that: (i) the filter was in good working order (filter element, tap, and receptacle intact and apparently functional); (ii) it contained water or was damp from recent use; and (iii) one or more household members reported daily use for the production of drinking water. Since filters typically take 3 or more days to dry completely, filters that were dry
were not considered in current use. Time in use for each filter was established based on manufacturing date stamped on the filter at the factory, delivery date as recorded by the NGO, or through user interviews. Survey data were entered into a Microsoft Excel spreadsheet and transferred to Stata (version 8.1) for statistical analysis. All data were entered twice to ensure consistency and accuracy of data input. Logistic regression reporting odds ratios (OR) and 95% confidence intervals (CIs) was performed using filter use at time of follow up as a binary outcome variable, with covariates tested for independent associations with the outcome. Logistic regression analysis was also performed controlling for time since implementation, coded as a categorical variable with time in 6-month increments. Confounders were identified by an a priori 10% change in estimate of effect criterion employed in a series of forward selection and backward elimination models.
RESULTS
A total of 506 households with an average of 5.9 people per household were included in the study ( Odds ratios were calculated based on all households using filters versus those not currently using filters (summarized across province), adjusted for time in use as coded in 6-month increments. Filters that have been in use for 0 to the end of 5 months were coded as 0-5 months, and so on. Respondents were asked to estimate the distance to the primary drinking water source: 340 (67%) sources were within 100 m, 128 (25%) were between 100 and 500 m and 38 (8%) were more than 500 m away.
All households encountered in the study used one or more water storage containers to store water inside or (more commonly) outside the home; 164 (32%) used one or more uncovered containers (unsafe storage). Containers were most commonly ceramic or concrete traditional design vessels. Respondents were asked to demonstrate the usual method of collecting water from the container for drinking.
A total of 220 (43%) of the respondents dipped hands or a cup directly into the container, while 286 (57%) used a tap or a dipper which was then poured out into a cup for drinking.
Of the 506 households included in the study, 194 (38%) had access to sanitation (either the household's own or a shared latrine). None of the households was connected to a conventional sewerage system. Sanitation access varied Pursat. Respondents were asked to name an appropriate price for the CWP; the mean non-zero response (n ¼ 106) was 9,500 riel (US$2.38): 5,900r (US$1.48) in Kandal, 6,700r (US$1.68) in Kampong Chhnang and 11,800r (US$2.95) in Pursat. Households that were successfully using the filter on a daily basis were asked about purchasing additional or replacement ceramic filter inserts:
72% of respondents were willing to pay US$2.50, 29% were willing to pay US$4 and 26% were willing to pay US$5. The cost of replacement ceramic filter elements in Cambodia is currently in the US$2.50 -5.00 range.
Among respondents who previously used but are not currently using filters, factors associated with a willingness to purchase an additional filter were using a covered household water storage container (OR: 1.9, 95% CI 1.0 -3.3) and having purchased a filter (versus having been given one) before (OR: 3.1, 95% CI 1.6-6.0). When respondents were asked whether household members knew where to purchase additional filters and parts, only 26% did, although distribution points are available in all three provinces within 20 km from the intervention locations.
Whether these distribution points were readily accessible to respondents was not clear, however, owing to the high cost of transport and seasonal accessibility of roads.
Time since implementation was calculated from the original implementation questionnaire (delivery) date where possible, followed by estimation based on the date stamped on the filter rim (manufacture date), followed by users' best estimates from interviews. Of the 477 filters for which estimates were possible, 253 (53%) were reliably dated using questionnaire or filter data and the remaining were dated by user estimation, which was probably less accurate. Broken filters were often no longer available to inspect. The manufacturing date could not be discerned on many of the oldest filters because of surface wear. Users were asked to approximate, if possible, the date that the family stopped using the filter to the nearest month.
Twenty-seven filters, 5% of the total, could not be dated confidently by any means. Distribution of time-in-use data in 6-month increments is presented in Figure 3 ; filters were in used in households for about 2 years, on average.
Of Interviews with participating study households confirmed that water from deep well sources is also perceived to be potable without further treatment. The fact that users of surface water were more likely to continue using the filters suggests that water quality perception may drive use of the intervention. In this study, 89.5% of respondents indicated that aesthetic qualities of the water were a primary reason for treating it while 45% cited health reasons.
CONCLUSIONS
The rate of filter disuse was approximately 2% per month after implementation, largely owing to breakages. There was a strong association between filter use and time since implementation. Uptake and long-term use of the ceramic water purifier in Cambodia can be aided by scaling up access to replacement parts and filters, since filters can break and there is strong demand for replacements in the intervention areas. Controlling for time since implementation, continued filter use over time was most closely positively associated with: related water, sanitation and hygiene practices in the home; cash investment in the technology by the household; and use of surface water as a primary drinking water source.
